Among the nitrogen-fixing plant-cyanobacterium associations that are currently known, the most frequently studied and perhaps the most important one is the Anabaena sp.-Azolla sp. association. Azolla sp. is a free-floating aquatic fern of world-wide occurrence whose usefulness as a source of nitrogen for lowland rice cultivation has long been recognized in parts of Asia, particularly in Vietnam and in the People's Republic of China (2) .
The nitrogen fixation potentials of the Anabaena sp.-Azolla sp. association have been variously estimated, with some estimations placing it on an equal footing with the Rhizobium sp.-legume association (2, 7) .
Like the Rhizobium sp.-legume association, the Anabaena sp.-Azolla sp. association is susceptible to restrictions imposed by biotic and abiotic factors. The most widely recognized biotic factors limiting the productivity ofAzolla sp. are insects, diseases, and aquatic weeds (7, 14) . Biotic factors that could limit the N2 fixation activity of the Azolla sp.-Anabaena sp. association are not, however, limited to the above categories. Field surveys of Azolla sp. and cyanobacterial populations in Hawaii (Habte, unpublished data) have indicated that populations of green and other algae that tend to antagonize Azolla sp. as well as cyanobacteria appear to be abundant in Azolla sp.-supporting habitats of Hawaii. Greenhouse and laboratory observations have also shown that failure to maintain and multiply healthy Azolla sp. cultures is often associated with the buildup of algal populations such as Chlamydomonas, Cladophora, Spirogyra, and Stigeoclonium species (Habte, unpublished data) . These algal developments are in turn associated with the colonization of fronds of Azolla sp. by fungi. The interference of the green alga Spirogyra sp. in the multiplication of Azolla sp. has also been recently reported by investigators in India (9) . Quantitative information on the extent to which green algae influence nitrogen fixation activities of the Anabaena sp.-Azolla sp. association is nonexistent.
The objective of this investigation was to determine the influence of Chlamydomonas sp. on the nitrogenase activity Microbial cultures were harvested by centrifugation at 8,000 x g and washed twice in saline (4) . This saline was also used for suspending pellets to the original volume and for preparing serial dilutions of samples.
All media used in this study were sterilized by autoclaving at 121°C for 20 min at 15 lb/in2. Heat inactivation of inocula was also achieved by autoclaving at 121°C for 10 min. days before acetylene reduction assays were made. Acetylene reduction assays were made as described above, except in this case only the activity at day 18 was measured, and this activity was monitored at 0.5-h intervals for 2.5 h.
Influence of Acremonium sp. or Chlamydomonas sp. on the nitrogenase activity of Anabaena azollae. Portions (5 ml) of nitrogen-free sterile semisolid Stanier medium in 20-ml test tubes were inoculated with 0.2 ml (2.9 x 105 CFU/ml) of a washed suspension of Anabaena azollae and 0.2 ml (5.2 x 105 CFU/ml) of a 4-day-old culture of Acremonium sp. or 0.2 ml (5.5 x 105 CFU/ml) of a washed suspension of a 15-dayold culture of Chlamydomonas sp. Inoculation with the latter two microorganisms was done before or after heat inactivation. Tubes were incubated at 26°C in the Biotronette environmental chamber at maximum fluorescent light intensity for 10 days. The tubes were then sealed with serum stoppers, and the acetylene reduction activity of the cells was determined as described above.
Interaction of Acremonium sp. with Chlamydomonas sp.
Portions (1 ml) of a washed suspension of a 4-day-old culture of Acremonium sp. with or without 1.0 ml of a washed suspension of a 15-day-old culture of Chlamydomonas sp.
were inoculated into 50 ml of azolla medium amended with nitrogen. Similar inoculations were also made into the medium after heat inactivation of the cells. Inocula were applied in triplicate. Flasks were incubated at 26°C in the Biotronette environmental chamber at maximum fluorescent light intensity. Samples (1 ml) were aseptically withdrawn from the flasks at regular intervals, and the numbers (CFU) of Acremonium sp. and Chlamydomonas sp. determined by the standard plate count technique as described before.
Population changes of A. azollae interacting with Acremonium sp. or Chiamydomonas sp. Portions (50 ml) of sterile nitrogen-free Stanier medium in 125-ml Erlenmeyer flasks were inoculated with 1.0 ml of a washed suspension of a 15-day-old culture of Anabaena azollae. Some of these flasks were also inoculated with 1.0 ml of a washed suspension of a 4-day-old culture of Acremonium sp. or 15-day-old culture of Chlamydomonas sp. before or after heat inactivation. The density of the interacting populations was regularly monitored by employing procedures and media already described. The changes in the densities of Chlamydomonas sp. and fungi associated with algal inoculation are illustrated in Fig.  2 . The number of Chlamydomonas sp. CFU in the uninoculated medium did not exceed 100/ml for up to 12 days. Beyond this point the population of the alga increased rapidly, attaining a maximum density of about 104 CFU/ml. On the other hand, in medium inoculated with the alga the initial density of the alga was in the vicinity of 104 cells/ml. This population increased slowly until day 18, after which time a stable density of about 106 cells per ml was maintained. The changes in fungal CFU closely followed those of the alga in both the uninoculated and inoculated (with alga) medium; there were about 104 and 106 fungal CFU per ml, respectively, at the end of the experiment, and 90 to 95% of the colonies of the fungi appearing on the recovery medium were identified as Acremonium sp. These results demonstrate that the development of Acremonium sp. in azolla medium was closely linked with the development of Chlamydomonas sp. in the medium. To further verify this observation an experiment was conducted in which the two microbial populations were allowed to grow together or separately in a nitrogen-containing azolla medium (Table 1) . Chlamydomonas sp. clearly was capable of stimulating the growth of the fungus, whereas the growth of the alga did not appear to be influenced by the presence of Acremonium sp.
Since inoculation of azolla medium with Chlamydomonas sp. had led to depressed nitrogenase activity of the Anabaena sp.-Azolla sp. association and since this decline in activity was associated with a buildup in the population of Acremonium sp., a study was undertaken to determine the extent to which nitrogenase activity was influenced by each of these microorganisms. The results showed that both Acremonium sp. and Chlamydomonas sp. were capable of decreasing nitrogenase activity in A. filiculoides, although the greatest decrease in activity was associated with the inoculation of Chlamydomonas sp. (Fig. 3) . Experiments were also conducted to determine the influence of Acremonium sp. or Chlamydomonas sp. on freeliving A. azollae. Neither the presence of the green alga nor that of the fungus had significant influence on the growth of A. azollae, whereas the growth of the former two organisms was stimulated as a result of their association with the cyanobacterium (Tables 2 and 3) . Likewise, the presence of Chlamydomonas sp. did not have significant influence on the nitrogenase activity of A. azollae (Fig. 4) . On the other hand, the cyanobacterium had significantly higher nitrogenase activity in the presence of Acremonium sp. than in its absence (Fig. 4) . DISCUSSION Since the growth of Acremonium sp. is closely related to the growth of Chlamydomonas sp., it appears that the alga influences nitrogenase activity in A. filiculoides not only by its deleterious interaction but also by stimulating the devel- (1, 5) . The development of Chlamydomonas sp. and Acremonium sp. in azolla medium, despite the fact that the medium was inoculated with A. filiculoides started from surface-sterilized frond tips, would suggest that the microorganisms were capable of colonizing the fern internally. This observation is supported by microscopic examinations, which revealed that both Acremonium sp. and Chlamydomonas sp. were capable of colonizing the leaf cavities of A. filiculoides as well as the interior of its roots. Much of the deleterious effects caused by these microorganisms could be a result of the loss of dissolved nutrients as well as fixed nitrogen, for which they could compete effectively with A. filiculoides by virtue of their intimate contact with the fern, and their tendency, particularly the tendency of Chlamydomonas sp., to proliferate in it. Moreover, the possibility that inoculation on the nitrogenase activity of free-living A. azollae. Vertical bars represent 95% confidence intervals.
